Abstract In the last decade, a superior mesenteric-intrahepatic left portal shunt (Rex shunt) has been reported for successful management of extrahepatic portal vein obstruction in children. However, in adults, a mesocaval shunt has been generally performed for the surgical management of extrahepatic portal vein obstruction because of the complexity of the underlying disease and the difficulty of the superior mesenteric-intrahepatic left portal shunt. We herein report an adult patient who was successfully treated by splenic-intrahepatic left portal shunt with an artificial graft (6-mm polytetrafluoroethylene) for complete obstruction of the extrahepatic portal vein following pancreaticoduodenectomy. The shunt procedure not only relieved portal hypertension but also restored hepatic portal flow. In the near future, the Rex shunt should be considered for a beneficial management of extrahepatic portal vein obstruction, even in adults.
Introduction
Extrahepatic portal vein obstruction (EHPO) is the most common cause of portal hypertension in children, which presents a recurrent hemorrhage from esophagogastric varices and is being treated increasingly by endoscopic injection sclerotherapy (EIS) [1] . Recently, superior mesenteric-intrahepatic left portal shunt (Rex shunt) has been performed in children when endoscopic treatment fails to halt variceal bleeding [2] . However, in adults, the use of mesocaval shunt (MCS) or distal splenorenal shunt (DSRS) has been widely proposed to reduce portal venous pressure and to control variceal bleeding [3] . The Rex shunt has rarely been performed in adults with EHPO, which is associated with severe intraabdominal adhesion resulting from inflammation, trauma, or previous surgery, because of the difficulty of the shunt operation. This report describes an adult case that was successfully treated by splenicintrahepatic left portal shunt with an autograft and an artificial graft for EHPO, which was caused by severe inflammation after pancreaticoduodenectomy.
Case report
In January 2002, a 61-year-old man underwent pancreaticoduodenectomy in another hospital for pancreatic cancer. Postoperatively, the patient had severe pancreatitis and required several months of treatment before discharge. One and a half year after the surgery, he experienced bleeding from esophageal varices, which was halted by EIS. Thereafter, he suffered repeated episodes of tarry stool, which necessitated red blood cell transfusions.
Upon admission in 2006, a bleeding point was not found by upper gastrointestinal fiberscopy or total colonoscopy. However, the fiberscopy showed severe portal hypertensive gastropathy and colonopathy, including diffused telangiectasia with contact easy bleeding. Abdominal computerassisted tomography (CT scan) and angiography revealed a complete obstruction of the extrahepatic portal vein. In the portal phase, the blood flow from the superior mesenteric vein (SMV) drained into the splenic vein and hepatopetal collaterals via the Roux-en Y (Fig. 1a) . Although extravasation of the contrast medium into the gastrointestinal tract was not found, the pool of the contrast medium in the jejunal wall surrounding the pancreaticojejunostomy was confirmed in the CT scan. We therefore assumed that the bleeding point was in the Roux-en Y limb of the pancreaticojejunostomy and hepaticojejunostomy.
At first, the nonselective shunt, a mesocaval shunt (Hgraft), was performed, which reduced portal venous pressure from 23.7 to 15.6 mmHg after surgery. A polytetrafluoroethylene (PTFE) graft 5 mm in a diameter was selected to decrease the incidence of postshunt encephalopathy. However, portosystemic shunt encephalopathy occurred 12 days after surgery. Although serum ammonia levels increased from 88 to 230 lg/dl after surgery, the encephalopathy improved in response to medical treatment. The patient was discharged at 25 days after surgery.
Angiography showed that the patency of the MCS was well maintained 2 months after surgery. Nevertheless, rebleeding occurred from the small intestinal tract. We then carried out a side-to-side anastomosis between the splenic vein and the umbilical portion of the intrahepatic left portal vein to relieve portal hypertension and restore normal hepatic portal flow.
At laparotomy, severe adhesion existed between transverse colon and liver or between the remnant stomach and liver. At first, the transverse colon was dissected from the liver and the remnant stomach. The gastrocolic ligament was opened widely to the hilum of the spleen. The remnant stomach was then retracted both anteriorly and superiorly. Next, the splenic vein was partially separated from the bed of the pancreas body in the back of the pancreaticojejunostomy. Finally, since the umbilical portion of the left intrahepatic portal vein was not exposed because of the tight adhesion of the Roux-en-Y limb to the umbilical fissure, hepatic parenchymal transection was performed toward the umbilical fissure in the division of segments III and IV, allowing exposure of the lower umbilical portion of the intrahepatic left portal vein. A side-to-side splenicintrahepatic left portal shunt was then made with a venous autograft (patient's left external iliac vein) and a PTFE graft 6 mm in a diameter. The venous autograft was anastomosed end to side to the left portal vein to avoid kinking of the stoma by the hard artificial graft. After that, a PTFE graft 6 mm in a diameter was interposed between the autograft and the splenic vein (Fig. 2) . The portal venous pressure dramatically decreased, from 19.8 to 10.9 mmHg, after insertion of the shunt.
The patient has experienced neither gastrointestinal rebleeding nor hepatic encephalopathy for approximately a year after the surgery. The CT scan and the doppler ultrasonography showed a patent splenic-intrahepatic left portal shunt and a disappearance of hepatopetal collaterals via the Roux-en Y limb (Fig. 1b) .
Discussion
EHPO with preserved liver function is an important cause of gastrointestinal hemorrahage accompanying portal hypertension, which may be induced by various causes, including periportal inflammation by cholangitis, pancreatitis, or pancreatobiliary tract surgery [4] .
Under these conditions, a portosystemic shunt such as an MCS or inferior mesorenal shunt can offer long-term protection from hemorrhage by decompression of portal venous pressure [3, 5] . However, in EHPO after PD, as in our case, surgical treatment is technically difficult, often involving major blood loss. In addition, the procedure has a high incidence of postshunt encephalopathy [6] . Although our patient underwent MCS using an artificial graft with a small diameter (5 mm) to decrease the incidence of postshunt encephalopathy, the portal venous pressure markedly reduced from 23.7 to 15.6 mmHg after surgery. Nevertheless, he experienced intestinal rebleeding and postshunt encephalopathy. Therefore, we designed a direct bypass of the obstructed portal trunk for management of intestinal rebleeding. To our knowledge, our report is the first case to undergo a direct bypassing for EHPO after PD.
Although EIS or portosystemic shunt has been considered as the therapy of choice for management of EHPO, the best choice remains unclear. EIS is more widely available as a first-choice therapy since it is a less traumatic procedure. However, it cannot always provide permanent control of variceal bleeding and cannot control the secondary effects of portal hypertension, including hypersplenism, or hepatic encephalopathy. On the other hand, although portosystemic shunt procedures can offer long-term protection from variceal hemorrhage, the incidence of adverse effects, including a decrease in intrahepatic portal flow or development of postshunt encephalopathy, is reported to be high [6] .
In the last decade, there have been a few reports regarding mesenteric-intrahepatic left portal shunt (Rex shunt) for management of EHPO in children. The Rex shunt was first performed by de ville de Goyet in 1992 for a child with portal vein thrombosis that occurred after partial liver transplantation [7] . The report demonstrated that direct bypassing resulted in effective portal decompression and restoration of the hepatic portal flow.
In order to perform Rex shunt, preserved liver function and normal liver structure must be confirmed. Fortunately, our patient had preserved liver function with 7 points of Child-Turcotte-Pugh score although he had pancytopenia. The CT scan showed a patency of the intrahepatic left portal vein. However, we supposed it to be impossible to expose the proximal side of the SMV because of tight adhesion after PD. Therefore, we exposed the proximal splenic vein for the proximal SMV. The proximal splenic vein was anastomosed side to side with the intrahepatic left portal. The patient has experienced neither gastrointestinal rebleeding nor hepatic encephalopathy for approximately a year since the surgery, while continuing with anticoagulation therapy.
However, there are several caveats regarding our shunt procedure for an adult patient who has undergone a previous major surgery. First, the procedure requires a long artificial graft. Accordingly, the patient must temporarily undergo anticoagulation therapy. In addition, the long-term effects of the procedure remain to be elucidated in adults. In the near future, these findings should be confirmed through an accumulation of experience. Second, postoperative adhesion increases the difficulty of such a surgical approach for patients who have previously undergone major abdominal surgery. In these cases, it may be more difficult to expose the umbilical portion of the left intrahepatic portal vein or the splenic vein. In our case, we exposed the umbilical portion by the hepatic parenchymal transection in the division of segments III and IV. The proximal splenic vein was exposed by polite lysis. However, for a case in which the splenic vein cannot be exposed in the back of the pancreas body, the use of the proximal end of the splenic vein after splenectomy may be an alternative for management of EHPO. A few authors have very recently reported portal venous stent placement as a useful alternative treatment to MCS for extrahepatic portal vein stenosis because the procedure is less invasive and can restore sufficient portal flow [8] . However, long-term results after stent placement remain unclear. Besides, it may be impossible for patients with complete obstruction of the portal trunk, as in our case.
In conclusion, MCS has thus far been preferred for patients with EHPO as a surgical treatment. However, our experience has demonstrated the beneficial effects of the splenic-intrahepatic left portal shunt for EHPO. Therefore, the shunt procedure should be considered as an alternative management approach to MCS for EHPO in patients who have preserved liver function and normal liver structure, because it is an ideal procedure that not only decreases portal pressure to normal level but also reestablishes adequate portal flow. More experience will be necessary to evaluate the long-term effects of the procedure for EHPO.
